Introduction {#S0001}
============

As one of the tumours of the digestive system, colorectal cancer (CRC) is an important cause of cancer-related deaths worldwide.[@CIT0001],[@CIT0002] Compared with patients with CRC with distant metastases, the five-year survival rate is significantly higher in patients with early-stage disease (\>90% vs 10--15%).[@CIT0003] Distant metastasis of cancer cells leads to poor prognosis and high mortality in patients with CRC, and the liver is the most important target site of CRC metastasis.[@CIT0004],[@CIT0005] Existing studies have suggested that hyperlipidaemia could exacerbate some severe diseases, such as cardiovascular diseases (CVDs), and it has already been considered a risk predictor for CVDs and CVD-related death.[@CIT0006],[@CIT0007]

Epidemiologic studies have demonstrated that lipid metabolism disorders have an important impact on the progression of many cancers, such as breast and prostate cancer.[@CIT0008],[@CIT0009] Recent studies have also found the important role of blood lipids in CRC progression. For instance, reduced high-density lipoprotein cholesterol (HDL) levels or increased total cholesterol, triglycerides and low-density lipoprotein cholesterol (LDL) levels have been associated with elevated levels of pro-inflammatory cytokines, including interleukin-6 (IL-6) and tumour necrosis factor-a (TNF-a). These inflammatory cytokines can promote the growth and proliferation of CRC cells.[@CIT0010] Some studies have also suggested that high levels of blood lipids caused by a high-fat and/or high-sugar diet could stimulate the development of CRC.[@CIT0011] A lifestyle of a high-fat and/or high-sugar diet leads to increased CRC cell stemness and enhanced stemness, which stimulate the migration ability of cancer cells.[@CIT0012] A poor lifestyle also enhances macrophage infiltration, which promotes the migration of CRC cells to distant organs.[@CIT0013],[@CIT0014] Additionally, consumption of a high-fat and/or high-sugar diet by patients with CRC can promote more reactive oxygen species (ROS), which eventually stimulate the progression of CRC metastasis.[@CIT0005]

Considering the role of blood lipids in the progression of CRC, we speculate that the increased lipid level is closely related to the prognosis of patients with CRC.[@CIT0015]--[@CIT0017] Until now, however, few prospective clinical studies have investigated the prognostic value of hyperlipidaemia for predicting the prognosis of CRC.[@CIT0018] The main purpose of this study was to explore the association of blood lipid levels, including total cholesterol, triglycerides, LDL and HDL, with cancer-specific mortality and all-cause mortality in patients with CRC in a four-year cohort study. Clinical evidence has recently shown that statin use is associated with a reduced rate of CRC-related mortality.[@CIT0019] Therefore, we further determined whether statins could improve the prognostic value of blood lipids in patients with CRC by sensitivity and stratification analyses.

Materials and Methods {#S0002}
=====================

Methods {#S0002-S2001}
-------

### Study Sample {#S0002-S2001-S3001}

The Irish Longitudinal Study on Ageing (TILDA) comprising middle-aged and elderly adults (age ≥49 years) is a large prospective cohort study with repeated assessments at 2-year intervals in the Republic of Ireland. A nationally representative sample was obtained from all residential addresses in the Republic of Ireland by use of the RANSAM sampling procedure, with a response rate of 62% at wave 1 (2009--2011).[@CIT0020] Details on the method and design of the cohort study have been published elsewhere.[@CIT0020] The TILDA study mainly consisted of 1) a self-completed questionnaire; 2) a computer-aided personal interview (CAPI) performed by trained interviewers in the included subjects' homes; and 3) a health examination performed by well-trained research nurses. All subjects who completed the CAPI and self-completed questionnaire were invited to attend one of the two health centres for health examination, including risk assessments of cancers and biochemical tests. We obtained data from TILDA so that we had enough variables to analyse the association of blood lipids with the prognosis in patients with CRC. Our study included patients with CRC who completed the CAPI, the self-completed questionnaire and the health examination at wave 1 and health examination at wave 3 (a follow-up period of 4 years). In this study, we found that 94 patients had a long history of statin use (≥12 months) from the self-completed questionnaire or CAPI. To achieve the purpose of the study, the study cohort was composed of 304 patients with CRC (aged ≥65 years) who were newly histologically diagnosed with stage I, II, or III CRC according to the "International Classification of Diseases for Oncology (Third Revision)" and had experienced curative surgery at wave 1. In addition, we included 124 subjects without CRC as healthy controls (stage 0). Patients with CRC with a history of other primary cancer types were excluded. Details on the method of inclusion of the cohort study are shown in [Figure 1](#F0001){ref-type="fig"}. The TILDA protocol was approved by the Trinity College Research Ethics Committee, and all participants gave written informed consent. We got most of TILDA's data through a website, which is a data sharing platform for researchers to use it for free worldwide. We have obtained their consent by signing an electronic agreement. According to the Declaration of Helsinki guidelines, the Ethics Committee of The First Affiliated Hospital of Nanchang University approved this study.Figure 1The flow chart of subjects included in the study.

### Blood Lipid Measurements {#S0002-S2001-S3002}

The details of blood collection, handling, storage, and lipid measurement are available elsewhere.[@CIT0020] In summary, serum levels of total cholesterol and triglycerides were tested by using enzymatic methods.[@CIT0021] Blood HDL levels were determined after precipitation of non-HDL lipoproteins.[@CIT0022] Blood LDL levels were calculated using the Friedewald equation.[@CIT0023] Blind-duplicate coefficients of variation ranged from 5% to 10%.

### End Point Definitions {#S0002-S2001-S3003}

All included patients with CRC were followed up for 48 months. The end points were defined as cancer-specific mortality and all-cause mortality. Follow-up from the day of cancer diagnosis to the day of death from cancer for patients with CRC was performed to determine cancer-specific survival rates. Follow-up from the day of cancer diagnosis to the day of death from all causes was performed to determine overall survival rates. Patients with CRC who died of other causes were censored. These follow-up data were recorded by routine visits and telephone contacts. Details on the method and design of the follow-up were published elsewhere.[@CIT0020]

### Covariates {#S0002-S2001-S3004}

Sociodemographic characteristics and lifestyle factors, including age, sex, marital status, body mass index (BMI), drinking status, smoking status, education and physical activity, were obtained from the CAPI. The CAPI also collected data on self-reported CVD comorbidities, including hypertension, heart failure, myocardial infarction, diabetes mellitus and stroke. Marital status was defined as "married" or "not married". Smoking status was classified as "current smoker, past smoker, or never smoker". Drinking status was also classified as "current drinker, past drinker, or never drinker". Education was defined as "primary \[some primary (not complete), primary or equivalent\], secondary (intermediate/junior/group certificate or equivalent or leaving certificate or equivalent or diploma/certificate) and high. (primary degree or postgraduate/higher degree)"

Physical activity was divided into three levels (level 0, level 1 and level 2; the higher the level, the more exercise was performed). Self-reported CVD comorbidities were dichotomized as "yes" or "no". Antilipidaemic medications (statin use) were also recorded by the CAPI and were dichotomized as "yes" or "no".

Statistical Analysis {#S0002-S2002}
--------------------

The normality of the data was analysed by the Kolmogorov--Smirnov (KS) test combined with Q-Q plots. All the continuous variables in this study are normally distributed or approximate normal distributions and are expressed as the mean ± standard deviation (M ± SD). Categorical variables are shown as n (%). CRC stage was categorized by quartiles (stage 0, stage I, stage II, and stage III). Logistic regression was performed to examine the associations between blood lipid levels (total cholesterol, triglycerides, LDL and HDL) at baseline (wave 1) and with the CRC stage, with stage 0 as the reference category. Stage 0 was defined as patients without other serious diseases. The confounding factors, including age, sex, marital status, BMI, drinking status, smoking status, education, physical activity, antilipidaemic medications and self-reported CVDs (≥2), were adjusted in the multivariate analysis. Then, multivariate Cox proportional hazard analysis was performed to identify the independent associations between blood lipid levels and cancer-specific mortality and all-cause mortality in patients with CRC.

To further examine the prognostic value of blood lipid levels for predicting cancer-specific mortality and all-cause mortality in patients with CRC, sensitivity analysis was used by adding antilipidaemic medications (statin use) as a covariate in the Cox proportional hazard model. We also analysed the associations by using self-reported CVDs (≥2) as a stratified variable. *P* ≤ 0.05 was considered to be statistically significant in all analyses. Data were analysed by using SPSS 24.0 and R 3.5.1.

Results {#S0003}
=======

Baseline Characteristics of the Study Cohort {#S0003-S2001}
--------------------------------------------

Of 304 participants in wave 1 ([Table 1](#T0001){ref-type="table"}), 145 were men and 159 were women. The age (M ± SD) was 67.8 ± 5.4 years. A total of 80.2% of patients were currently married, and the BMI was 28.5 ± 3.7. Many patients were past (48.7%) or current smokers (14.8%), as well past (50.0%) or current drinkers (9.2%). A total of 22.7% of patients had higher educational levels, and 42.4% of participants had higher levels of physical activity. A total of 22.4% of the participants had self-reported CVDs (≥2).Table 1Baseline Characteristics at Baseline (N=304)VariablesM±SD or n (%)Age (years)67.8±5.4Gender (male)145 (47.7)Marital status (currently married)247 (80.2)BMI28.5±3.7**Drinking status** Never124 (40.8) Past152 (50.0) Current28 (9.2)**Smoking status** Never111 (36.5) Past148 (48.7) Current45 (14.8)**Education** Primary73 (24.0) Secondary165 (54.3) High69 (22.7)**Levels of physical activity** Level 069 (22.7) Level 1106 (34.9) Level 2129 (42.4) Antilipidemic medications (statins use)94 (30.9)**Self-reported CVDs** Hypertension102 (33.6) Heart failure2 (0.7) Myocardial infarction32 (10.5) Diabetes mellitus63 (20.7) Stroke10 (3.3) Self-reported CVDs (≥2)68 (22.4)**Cancer site** Colon203 (66.8) Rectal101 (33.2)**Cancer stage** I88 (28.9) II104 (34.2) III112 (36.8)**Cancer treatment** Chemotherapy259 (85.2) Radiation36 (11.8)**Serum lipid level** Triglycerides (mmol/L)1.83±1.14 LDL (mmol/L)2.94±0.96 HDL (mmol/L)1.18±0.42 Total cholesterol (mmol/L)5.27±1.23[^1][^2]

Logistic Regression Analysis for the Association Between Cancer Stage and Blood Lipid Levels in Patients with CRC at Baseline {#S0003-S2002}
-----------------------------------------------------------------------------------------------------------------------------

To determine the association of blood lipid levels, including total cholesterol, triglycerides, LDL and HDL, with cancer stage (0 \~ III) in patients with CRC, multivariate logistic regression analysis was performed ([Table 2](#T0002){ref-type="table"}). The crude model indicated that elevated levels of total cholesterol, triglycerides and LDL were associated with an increased risk of higher cancer stage after non-adjustment. After adjustments were made for age and sex, the results in Model 1 were similar to those of the crude model. This association remained statistically significant and changed little when marital status, BMI, drinking status, smoking status, education, physical activity, antilipidaemic medications and self-reported CVDs (≥2) were added to Model 1 (Model 2). For HDL, our results showed that HDL was associated with an increased risk of higher cancer stage in the crude model. However, the association did not exist in Model 1 and Model 2 after other confounding factors were adjusted.Table 2Logistic Regression Analysis of the Relationship Between the Cancer Stage and Blood Lipid Levels in Patients with CRCVariablesCrudeModel 1Model 2**Total cholesterol** Stage 0, N=1241.000 (ref.)1.000 (ref.)1.000 (ref.) Stage I, N=881.736 (1.258--2.932)1.601 (1.225--2.479)1.595 (1.164--2.401) Stage II, N=1041.967 (1.301--3.266)1.833 (1.270--3.092)1.810 (1.216--2.988) Stage III, N=1122.336 (1.491--4.337)2.206 (1.400--4.074)2.104 (1.358--3.650) *P*-trend\<0.001\<0.001\<0.001**Triglycerides** Stage 0, N=1241.000 (ref.)1.000 (ref.)1.000 (ref.) Stage I, N=881.336 (1.201--1.804)1.305 (1.191--1.768)1.286 (1.145--1.722) Stage II, N=1041.523 (1.326--2.260)1.386 (1.214--2.055)1.348 (1.196--1.961) Stage III, N=1121.764 (1.399--2.987)1.690 (1.356--2.199)1.665 (1.337--2.076) *P*-trend\<0.001\<0.0010.005**LDL** Stage 0, N=1241.000 (ref.)1.000 (ref.)1.000 (ref.) Stage I, N=881.835 (1.357--2.32)1.601 (1.225--2.479)1.595 (1.164--2.401) Stage II, N=1041.914 (1.320--3.275)1.824 (1.268--3.083)1.809 (1.248--3.022) Stage III, N=1122.437 (1.5038--4.983)2.258 (1.467--4.391)2.127 (1.446--4.099) *P*-trend\<0.001\<0.001\<0.001**HDL** Stage 0, N=1241.000 (ref.)1.000 (ref.)1.000 (ref.) Stage I, N=880.877 (0.302--1.608)0.921 (0.400--1.8724)0.942 (0.0538--1.919) Stage II, N=1040.748 (0.269--1.477)0.862 (0.349--1.755)0.877 (0.481--1.826) Stage III, N=1120.566 (0.201--0.921)0.675 (0.269--1.277)0.688 (0.409--1.252) *P*-trend0.080.1050.124[^3]

Cox Proportional Hazard Model for the Association of Blood Lipid Levels with Cancer-Specific Mortality and All-Cause Mortality During the Follow-Up Period {#S0003-S2003}
----------------------------------------------------------------------------------------------------------------------------------------------------------

All included patients (N=304) were followed up for a median period of 48 months. As a result, 88 patients died during the follow-up period. Seventy-three of those patients died due to CRC, and 15 deaths were caused by CVDs or diseases. In addition to HDL in this study ([Table 3](#T0003){ref-type="table"}), we found that the increased levels of blood lipids, including total cholesterol, triglycerides and LDL, were positively correlated with higher cancer-specific mortality and all-cause mortality after adjustments were made for age, sex, marital status, BMI, drinking status, smoking status, education, physical activity, cancer stage and cancer treatment. Similarly, the Cox proportional hazard model ([Table 4](#T0004){ref-type="table"}) also showed a significant association between blood lipid levels (total cholesterol, triglycerides and LDL) and cancer-specific mortality and all-cause mortality by sensitivity analysis using antilipidaemic medications as an additional covariate.Table 3Cox Proportional Hazard Model for Association of Blood Lipid Levels with Cancer-Specific Mortality and All-Cause MortalityCancer-Specific MortalityAll-Cause MortalityVariablesHR95% CI*P* valueHR95% CI*P* valueSerum cholesterol (per 1-SD increase)2.4471.106--5.229\<0.0012.5521.329--5.883\<0.001Serum triglycerides (per 1-SD increase)1.6911.003--2.3380.0281.8041.076--2.8450.015Serum LDL (per 1-SD increase)2.5801.347--5.993\<0.0012.7951.441--6.470\<0.001Serum HDL (per 1-SD increase)0.7520.209--1.9830.0980.6430.200--1.4990.077[^4] Table 4Cox Proportional Hazard Model for Association of Blood Lipid Levels with Cancer-Specific Mortality and All-Cause Mortality by Sensitivity AnalysisCancer-Specific MortalityAll-Cause MortalityVariablesHR95% CI*P* valueHR95% CI*P* valueSerum cholesterol (per 1-SD increase)1.7211.025--3.1240.0121.9261.093--3.687\<0.001Serum triglycerides (per 1-SD increase)1.5501.002--2.3070.0251.6361.030--2.8010.016Serum LDL (per 1-SD increase)1.8941.140--3.6500.0032.0111.247--4.578\<0.001Serum HDL (per 1-SD increase)0.7970.225--2.0360.1040.7010.219--1.9450.177[^5]

Cox Proportional Hazard Model for the Association of Blood Lipid Levels with Cancer-Specific Mortality and All-Cause Mortality Stratified by Self-Reported CVDs (≥2) {#S0003-S2004}
--------------------------------------------------------------------------------------------------------------------------------------------------------------------

All patients were divided into two groups according to self-reported CVDs (≥2). Our results showed that higher blood lipid levels, including total cholesterol, triglycerides and LDL, were independently associated with a higher risk of cancer-specific mortalities and all-cause mortalities in patients without and with self-reported CVDs (≥2), respectively, after adjustments were made for age, sex, marital status, BMI, drinking status, smoking status, education, physical activity, cancer stage, cancer treatment and antilipidaemic medications ([Table 5](#T0005){ref-type="table"}). Similarly, these blood HDL levels were still not related to cancer-specific mortalities or all-cause mortalities in the stratified analysis.Table 5Cox Proportional Hazard Model for Association of Blood Lipid Levels with Cancer-Specific Mortality and All-Cause Mortality Stratified by Self-Reported CVDs (≥2)Cancer-Specific MortalityAll-Cause MortalityVariablesHR95% CI*P* valueHR95% CI*P* value**Self-reported CVDs (≥2) (N=234)**Serum cholesterol (per 1-SD increase)2.3451.102--5.221\<0.0012.5321.328--5.839\<0.001Serum triglycerides (per 1-SD increase)1.6961.048--2.6810.0101.8121.099--3.122\<0.001Serum LDL (per 1-SD increase)2.6791.369--6.485\<0.0012.8571.498--7.101\<0.001Serum HDL (per 1-SD increase)0.5500.168--0.9140.0710.4950.128--0.8860.059**No self-reported CVD**s (≥2) **(N=68)**Serum cholesterol (per 1-SD increase)2.4471.106--5.229\<0.0012.5521.329--5.883\<0.001Serum triglycerides (per 1-SD increase)1.4911.003--2.3380.0281.6041.076--2.8450.015Serum LDL (per 1-SD increase)2.5801.347--5.993\<0.0012.7951.441--6.470\<0.001Serum HDL (per 1-SD increase)0.7930.232--2.3140.1080.7270.201--1.6820.082[^6]

Discussion {#S0004}
==========

We found that elevated blood lipid levels were associated with poor prognosis for patients with CRC who underwent curative surgery after adjusting for potential confounding factors. The prognostic influence of blood lipids on patients with CRC was not mainly affected by antilipidaemic medications (statin use) or self-reported CVDs (≥2).

Recently, studies have shown that cancer and CVDs have many common risk factors and pathogenesis. Emerging evidence suggests that modifiable risk factors, including a high-fat diet, sedentary lifestyle, obesity, tobacco use and others, play a central role in the pathogenesis of both CVDs and cancers. Common mechanisms include genetics, inflammation, and ROS. As a traditional risk factor for CVDs, hyperlipidaemia has been found to be involved in the occurrence and development of tumours such as breast cancer, prostate cancer and CRC.[@CIT0008],[@CIT0009] In this study, we found that elevated blood lipid levels were associated with poor prognosis for patients with CRC who underwent curative surgery after adjusting for potential confounding factors, which is consistent with previous studies. In the field of basic research, hyperlipidaemia promotes the proliferation and metastasis of CRC cells by stimulating CRC stemness by acting on the RBP4-STRA6 pathway.[@CIT0012] In clinical research, however, the association between blood lipids and CRC has raised considerable controversy in recent decades. Early studies have shown that lower cholesterol levels were associated with increased mortality and incidence of CRC in the Framingham cohort[@CIT0024] and the Honolulu Heart Program.[@CIT0025] Some researchers hypothesized that patients with low serum cholesterol tend to have a more efficient hepatic clearance of cholesterol. Consequently, increased levels of bile acids can reach the colon and increase the risk for CRC because of long-term adverse effects on the colonic mucosa. Other study cohorts showed, however, that the association between dyslipidaemia and CRC was more complex or even non-existent.[@CIT0013],[@CIT0026]--[@CIT0028] These previous findings do not seem to be in accordance with our results that elevated blood lipid levels were associated with cancer-specific mortality and all-cause mortality for patients with CRC after adjusting for potential confounding factors. The inconsistent results may be partly explained by the different study populations selected, the different study designs used, the different hypotheses being investigated, the different confounding factors included and the inherent difficulties in obtaining epidemiologic measurements. First, our study population was obtained from patients aged ≥65 years, and age-related factors are complex and diverse, which may lead to the partial deviation of results. Then, we aimed to assess the relationship between blood lipids and mortality in patients with CRC, whereas previous studies have only explored the relationship between blood lipids and the CRC incidence rate. Additionally, sensitivity analysis showed that total cholesterol, LDL and triglycerides were still associated with cancer-specific mortality and all-cause mortality for patients with CRC when we added antilipidaemic medications (statin use) as an additional covariate in the Cox proportional hazard model ([Table 4](#T0004){ref-type="table"}), which is more precise and persuasive than previous studies.[@CIT0019],[@CIT0029] Statin use is an important confounding factor but is not adjusted for in some previous studies. In our study, the HR value was significantly lower after antilipidaemic medications (statin use) were added in the sensitivity analysis, although significant correlations between blood lipids and the mortality of CRC still existed. Similar results existed in the stratification analysis, and the association of blood lipids with cancer-specific mortality and all-cause mortality of patients with CRC was not affected by self-reported CVDs (≥2) ([Table 5](#T0005){ref-type="table"}). Interestingly, we found that HDL was not related to the poor prognosis of patients with CRC. A reasonable explanation may be that HDL is an anti-atherosclerotic lipoprotein that has been considered a protective factor against CVDs.

Our study had some strengths. The results of the study mainly contribute to the literature in three different aspects. First, the data of this study are from TILDA, a longitudinal study of a national (US) sample.[@CIT0027] Data analysis proved that higher blood lipid levels are closely related to increased mortality and all-cause mortality for patients with CRC, which expands rare longitudinal research on the associations between blood lipid levels and CRC. Second, our study results showed that patients with statin use and self-reported CVDs (≥2) had almost no effect on the association of blood lipids with the risk of CRC death. Finally, we were able to conduct a robust and accurate calibration analysis to remove the adverse effects of potential confounding factors, including sociodemographic characteristics and lifestyle factors (smoking, drinking, exercise and others), which have been known to be associated with multiple primary cancers.

In conclusion, the population-based prospective study revealed that blood lipid levels were associated with increased mortality and all-cause mortality of CRC. Clinicians should pay more attention to the predictive value of increased blood lipid levels in patients with CRC for the risk of death. Statin use may reduce the risk of death and improve the prognosis for patients with CRC. Blood lipids may be a reliable prognostic factor for predicting mortality and all-cause mortality in patients with CRC.

The limitation of the study is the small sample size. It is necessary that more studies be implemented to identify the value of blood lipids (total cholesterol, triglycerides, and LDL) for predicting prognosis in patients with CRC. Additionally, our study only included a certain group of patients and lacked a definition of surgical treatment and other clinical parameters, which were also important confounding factors that may affect our results.
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[^1]: **Note:** M ±SD for normally distributed data and n (%) for categoric variables.

[^2]: **Abbreviations:** BMI, body mass index; CVDs, cardiovascular diseases; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

[^3]: **Notes:** Crude: No adjustment. Model 1: Adjusted for age and gender. Model 2: Adjusted for age, gender, marital status, BMI, drinking status, smoking status, education, physical activity, antilipidemic medications and self-reported CVDs (≥2).

[^4]: **Note:** Adjusted for age, gender, marital status, BMI, drinking status, smoking status, education, physical activity, cancer stage and cancer treatment.

[^5]: **Note:** Adjusted for age, gender, marital status, BMI, drinking status, smoking status, education, physical activity, cancer stage, cancer treatment and antilipidemic medications (statins use).

[^6]: **Note:** Adjusted for age, gender, marital status, BMI, drinking status, smoking status, education, physical activity, cancer stage, cancer treatment and antilipidemic medications (statins use).
